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The following tests were made on a 6" X 9" 


Warren Gas Engine manufactured by Struthers, Wells 


& Co,, of Warren, Pa; Their object is to investi- 


gate the effect of varying the point in the stroke 


at which the charge is ignited,upon the gas con- 
Sumption of the engine, 
The engine works on the Otto, or Beau de 


Roch.as cycle, which requires two complete revol-— 


utions of four single strokes, 

First out stroke - Charging cylinder with gas & air 

First in stroke - Compressing charge into clearance 
space 

second out stroke~ #xplosion impelling piston 


Second in stroke - Discharging burnt gases into 


~~ 


atmosphere, 
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The theoretical indicator card is shown in 


figure 3, The piston while moving from 1 to z, 


takes in the charge at atmospheric pressure; from 2 
to 3 the charge is compressed along an adiavatic to 
point. 3, At this point the explosion. takes place 
at constant volume to 4; from 4 to 5 the heated 
gases expand adiabatically to 5,where exhaust takes 


place and pressure falls to atmosphere, The charge 


is expelled on return stroke from 2 to 1 at atmos- 


pheric pressure, 


The theoretical diagram is modified in several 


ways in practice, While the piston moves from 1 ta@ 


2 the pressure in the cylinder falls below that of 


the atmosphere towards the end of the stroke, due to 


the resistance of the valves to the admission of air 


and gas, In expelling the products of combustion 


the indicator card closely follows the atmospheric 


line; there is thus an appreciable area of the card 


due to the pumping stroke, which must be subtracted 


from the total area to give the effective working 
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area, The theoretical card also requires the com- 
pression of the charge to be adiabatic; in actual 


running the cylinder walls are at a temperature of 
from 150° F. to 200 F, and therefore gives up heat to 
the charge, The explosion line is not at constant 
volume as it is impossible to obtain an instantaneous 
explosion, Further, 9811 the heat is not added at 
constant volume, as it has been found that the com- 
pletion of the explosion is not coincident with the 
completion of the eatin. and therefore of the 
evolution of heat, The combustion continues during 
the expansion of the charge, causing heat to be given 
to it along the expansion as well as explosion line, 
During expansion as much as 50% of the heat generated 
by the explosion passes to the cylinder walls and 


piston, and is carried off by the cooling water, It 


is nevertheless frequently found that the expansion 
line of actual indicator cards is nearly a true 


adiabatic, This is due to the heat given up by the 


combustion of the charge after explosion which 
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sustains the temperature and makes the diagram 
appear as it no loss, or but little, oeturred., 

The photographs pages 4+ é&.5. show the engine 
and apparatus as arranged in the test, 

The engine has a horizontal cylinder, the open 
end of which is prolonged to act as a guide to the 
long trunk piston which works in it The front end 
of the piston acts as a cross-head and does not enter 
the cylinder proper, A crosssection of the cylinder 
and valves is shown in eicuee 4, page 7 The cylinder 
isof cast iron and owing to the large clearance space 
is considerably longer than the stroke of the engine, 
A cast iron valve box is bolted to the side of cylin- 
der at x. The valve box is divided into two separate 
chambers, 1 and 2, Section 2 is the admission and 
section 1 the exhaust box, In each is a conical 
cast iron valve X Z working iff a cast iron seat; the 


valve rods extending through the front of the box, 


where they are acted on by the valve mechanism, Gas 
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valve is arranged on the valve spindle at H so tnt 
when the main valve is closed the gas “ cut off at 
C. Air from the room enters by the pipe at D, the 
air and gas being mixed in chamber 2 Betis being 


admitted into the cylinder, The exhaust takes place 


through pipe E, and is controlled by a conical valve 
¥ similar to the admission valve, There is also an 


a 


exhaust port at F at the end of the stroke of the 


piston, The valves ¥ and Z are kept closed by the 
springs F F, and each is opened at the proper time 
by a cam driven by gears from the main shaft, These 


cams are mounted on a loose sleeve carrying a spur 


wheel, which engages with the second wheel fixed to 
the main shaft, As these gears are in the ratio of 
2 tol, the smaller being on the main shaft, the 
valves pass through a cycle of movements once in 


every two revolutions of the shaft, The cams are 


arranged and proportioned so that during the first 


out stroke the admission valve Y is held open, gas 


and air entering through C & D and passing through 
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chamber 2 to cylinder, valve Z being closed, During 
the first in stroke both valves Z,and Y are closed, 
while the charge is being compressed; they both 
remain closed during the second out or impulse stroke} 
upon the second return stroke the exhaust vaive Z is 


opened, discharging the products of combustion to the 
atmosphere through pipe E, The exhaust also takes 


place at the end of out stroke through the port Fr. 
The ignition of the charge is made by an 
electric spark given by ice Edison batteries in 
series with an induction coil, One wire from the 
battery leads to the eylinder head; a second wire is 
connected to a rod 6, passing through the cylinder 
head, but insulated from it, carrying at its inner 
end a fixed contact point, The ay eee Be at 
point is carried on a sleeve extending through the 
cylinder head just below rod 6, having at its outer 


end a projection 4; this projecting piece 4, and 


hence the sleeve and contact point, is moved by the 


sparking mechanism so as to make and break the cir- 
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~cuit at the internal contact points, giving a spark 
which explodes the charge at the proper time, 


The sparking mechanism is driven from the larger 


of the spur wheels driving the valves; the wheel has| 


a slot in its outer surface which engages the end of 
a connecting rod, moving it as an eccentric would, 
The connecting rod leads to a bell crank lever at 


the forward end of the cylinder, this in turn giving 


rod 1 figure 2 a motion forward and back across the 
cylinder head, The outer end of rod 1 is recessed 


to receive a steel projecting piece 2, which is 


adjustable in a vertical plane, about the pin shown 


at the end of rod 1, as an. axis. The adjustment is | 


made by the screw 2 bearing against the inner end of 


e, whieh can therefore be raised or lowered at will; | 


a spring shown on top of rod 1 also bears on the top| 


of the inner end of 2 holding it in any desired posi- 


tion; the screw 2 has flat sides against which a 


stop not clearly shown in the figure is held by a 


spring, thus preventing the screw from changing its 
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position, As rod l.moves across the cylinder head 


from right to left the piece 3 strikes 4, moving it 


so as to complete the circuit at the internal contact 


point; further motion of 4 is taken by a spring 


coilled around the sleeve, which,when rod 1 has 
moved as far to the left that 4 is just ready to 
slide over the top of 3, snaps 4 into a vertical 
position, breaking contact and exploding the eee 
It is thus seen that the charge is exploded when 4 
snaps into a vertical position, and further, that 
the time when the explosion takes place can be 
varied by raising or lowering pieve 3 by screw 2, In 
the following tests the time of the explosion was 
varied in this manner, 

_ The governor is of the hit-and-miss type and is 
arranged on the valve rod which opens the admission 
port; this rod is moved by the cam spoken of before, 
The end of the rod in contact with the end of the 
admission valve stem is hinged, the hinged portion 


carrying beneath it the governing weight, When the 
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at the bottom of the cylinder, and leave at the top 
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speed is normal, gravity holds the hinged end and 
weight ina horizontal position, so that at each 
stroke the hinged end strikes the admission valve 
stem, ie chi ne it, and admitting a charge to. the 
cylinder, As, however, the speed increases, the 
inertia of the weight causes it to lag behind, pulling 
the hinged end down against the action of gravity, so 
that it falls under the end of admission valve stem 
without striking it; there is therefore no charge 


admitted to the cylinder until the speed is again 


normal; the spark has been going on continuously, but 
the explosion of course takes place only as the 
charge is admitted, on 

The crank shaft is heavy and has at each end a 
large fly wheel, as considerable energy has to be 
stored in them to carry the piston through the 
negative portion of the stroke, 

The engine cylinder is cooled by a water jacket, 


The cooling water enters by a pipe 7 figures l & 2 


ie arcs i 


by pipe 8, discharging into the weighing tank A 
figure 1, The temperature of the jacket water is 
given by thermometer 9 figure 1, while that of the 
entering water is determined by a thermometer not 
shown in the figure, 

The gas forthe engine passes through a meter 
manufactured by The American Meter Company, shown at 


10 figure 1, The flow of gas is controlled by a 


regulator 11, then passes to an equalizer not shown 
in the figure, and finally to the cylinder, The 
exhaust gases pass through a miffler to the atmos- 
phere, If the gases were taken directly from the 


pipes to the engine there would be a considerable 


fluctuation of pressure, and an irregular working 

of the meter due to the small oapacity of the pipes 
in comparison with the volume of the cylinder; to 
prevent this the equalizer is placed between the 
meter and the engine, This is simiy a cast iron 
vessel of several times the capacity of the cylinder 


which serves as a reservoir from which the charge is 


taken, The regulator consists of a small cast iron 
vessel divided into two compartments by a horizontal 
rubber diaphragm, Gas enters the regulator from 
below and leaves at the sides, The top portion is 
filled with water, To the diaphragm is attached the 
end of a system of levers moving the valve closing 
the admission pibe, The gas flows into the lower 
compartment exerting an upward pressure on the 
diaphragm, which at the same time is subjected to 
the downward pressure of the water, Under normal 
gas pressure the diaphragm is in a position deter- 
mined by the head of water, and admission valve is 
open; if pressure of the gas exceeds normal the 
diaphragm is raised, taking with it the valve lever 
and closing the admission pipes; as pressure falls 
the valve is again opened as the diaphragm falls 


due to the watercpressure; by this means the gas is 


kept in constant pressure determined by the head of 


water on the diaphragm, The pressure is read by 


water manometer shown at 12 figure 1, The tempera- 
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ture of the exhaust gases, the air and admission gas 


are ‘aren by thermometers 135, 14 and 15, figure l, 

The gas meter was callibrated by attaching it to | 
the top of the stand-pipe leading from the attic to 
the first floor of the Mechanical Engineering Building 
University of Pennsylvania, This was first filled 
with water, a quantity was then drawn off into a 
weighing tank on the first floor, and times and weighs 
were taken when tank was full and empty; knowing the 
weight of a given volume of water (255 CC) the volume 
of water drawn off is found, The air to fill the 
space occupied by the water ae drawn through the 
meter, and readings of the quantity registered on 
meter were taken; in each test a constant was found 
by which the volume as registered by the meter must 
be multiplied in order to give the true value as 


determined by the quantity of water drawn off, For 


results see page 29 


In determining the indicated horse power, a 


Thompson indicator of special construction was used, 
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This is arranged so that either of two pistons having] 


| an approximate area ratio of 2 to 1 can be used, 


Owing to the high pression givén by the explosion, 


| the smaller piston with a 100 1b, spring was used, 


equivdlent to a 200 lb, spring with the ordinary 
piston, The motion for the indicator was obtained 
from a rod screwed into the open end of the piston; 


the cord from here led to the indicator through an 


Apgar reducing gear, shown in figures 1 and 2, 

The indicator spring ae callibrated upon a 
reducing drum attached to the steam line of the 
building; as the available pressure was but 100 lbs, 
the 100 lb, spring was callibrated by using the 
larger piston in the indicator; the mean scale of 
spring determined by the callibration multiplied by 
ratio of the piston areas equals the scale of spring 
as used with the small piston during the test, In 


callibrating the spring, the indicator and a steam 


gauge were connected to the reducing drum; the 


pressure was then regulated so as to gradually rise 
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One card was then taken with increasing pressure and 
another with pressure decreasing from 90 to zero, 
Three such cards were taken, In working the calli- 
bration out the gauge was first tested on a Crosby 
gauge tester, giving the callibration curve shown on 
page 35 , The pressures varying by 10 lbs, were 
corrected according to the gauge callibration, The 
distance from the 10 ib. line to each of the other 
itu lines was measured; by dividing the differ- 
ence of pressure by the corresponding dpc enkeoe of 
dita dt: between the 10 1b, line and each of the 
other lines, we get values for the scale of sie 
spring, the mean of which for all the cards when 


4 


multiplied by the ratio of the piston areas, equals 


the true scale of spring as used, For results see 


pages 30-31 


The brake horse power was measured by an ordin- 
| 


a 


ary Prony brake, shown at B, figure 1, The brake 


from zero to above 90 lbs,, lines being drawm on the | 


indicator card at every 10 lb. interval on the gauge, | 
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pulley attached to the fly wheel has internally pro- 
jecting flanges, enabling water to be delivered to 
keep the wheel cool, The brake consisted of a brake 
beam as shown on figure 1, with a leather belt to 
which wooden blocks were attached, encircling pulley, 
the brake load being regulated by the wheel and threa 
-ed bolt shown, It was found necessary to lubricate 
the pulley with soap at the beginning of the test to 
make the brake run silently, The brake beam was 
supported by a strut aut dee on scales not shown in 
the figure, oe scales, together with the scales 
used for weighing the cooling water, were tested by 
placing two standard 50 1b, weights es and 
noting the scale dai en thus giving a constant 
by which the scale readings must be multiplied in 
order to give the true weight. 

The revolutions per minute were taken by a 
counter shown at 16, figures 1 and 2, the motion 
being taken from the sparking apparatus; the counter- 


readings must therefore be doubled in order to give 


es, as ae 
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cords broke several times during the test, making it 
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the revolutions per minute, The explosions were 


registered by a counter shown at A, figure 2. This 


was driven from a reducing disc bolted to the end of 


the valve chamber as shown in figure 2, the smaller 


dise of reducer taking its motion from a projection 


on the end of the admission valve stem, Some 
trouble was experienced in getting this counter in 


working order, and throughout the test it had to be 


carefully watched to be sure that it did not miss 


count. The motion given to the counter was sufficien 


=== 


to permit it to register if the connecting cords 
were of the proper length, but the sudden impulses 
the apparatus were subjected to, ined with 

the very considerable tension upon the cord ore 
to the smaller disc, gradually stretched the cords 
and probably loosened connections, During the runs 
the length of the connections were sometimes changed 
sufficiently to prevent the counter-from registering, 


especially if the impulse was unusually sudden, The 
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necessary to count the explosions by listening to the| 


detonations, It was sometimes found impossible to 


get continuous readings with the counter, so that 


readings were taken for one minute intervals, while 


the counter was watched and misses allowed for, The 


apparatus was finally gotten in fairly good condition) 
by replacing cords wherever possible by wiree@, It 


was nevertheless carefully watch and frequently 


checked by counting mentally the explosions for one- 


half minute, 


In making the test the brake load was adjusted 
until the governor missed the admission valve once 
in tour or five ignitions; the valve 19, figure 2 
on the gas line leading to engine was then adjusted 
to give the most uniform cards, The best position 
of the valve was found to be at full opening, althougl 


this was sometimes varied during the test if the ex- 


plosions were irregular or violent, At the beginning 


and end of each test readings were taken for: theen 


weight of the cooling water with the corresponding 
| 


= - na 
Be ohare 


as 


baie ey 


ee 


eR eo 
ns ea ee ; 


times; the following readings were taken every ten ©! {i 


minutes, revolution counter, explosion counter, time 


at gas meter, brake reading, temperature of Sir, 


entering gas, exhaust gas, entering and jacket water, 


pressure of gas and indicator cards; samples of the 
admission and exhaust gases were also taken and 
analyzed on all but the last two tests, 


In each test the point of explosion was ad- 


justed to give the desired explosion line of the 
indicator card, by iceees’ as lowering piece 3 by 
screw 2, At the completion of the test the engine 
was stopped without disturbing the adjustment of 


the sparking apparatus; the fly wheel was then 


turned by hand until the spark was made, as indicated 


by part 4 snapping into a vertical position; the 
distance around the circumference of the wheel when 


in this positiaén, between a fixed point on the wheel 


and a fixed mark on the frame, was measured; knowing 


the distance between these marks when the piston is 


on its dead centre, we can find the position of the 
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The reference point X, figure 5 was chosen so 


as to be in its lowest vertical position when the 


piston was on its outer dead centre; its position at 


explosion, is shown approximately at X', the distance 


X X' being the theasurement taken on the circumference| 


of the fly wheel for each test, 
The values worked up for each test were:- 
indicated horse power 
Brake horse power 
Mechanical efficiency 


Gas per indicator horse power hour 


Gas per brake horse power hour 


As the tests were made at less than full load 
we obtained two separate indicator diagrams on each 


card due to the action of the governor, The smaller 
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of these two is the normal card, the larger, the 
intermittent; the latter is obtained when the gas 
has been cut off for at least one stroke so that the 
hot burned gases in the compressiom space have been 
discharged into the atmosphere and replaced by pure 
air at a temperature not far from that of the room; 
the next explosion then gives a much higher maximum 


pressure than the normal, which is shown on the 


intermittent diagram, The areas of each of these 
cards is found by a planimeter and corrected by 
subtracting the area of the pumping card, The mean 
effective pressure of each card is found and from 
these the actual mean effective pressure is deter- 
mined according to the proportions between the normal 
and intermittent cards, For example, in test #1, 

May 5th, the total number of sparks per minute were 
123,25, the number of explosions per minute were 
84.295; therefore out of a total of 84.295 explosions 
123,25 minus 84,295, or 38,955 were made after a 


missed explosion, giving 38,955 intermittent cards, 


os 


the remaining 43,340 were normal, The normal mean 
62.359 
effective pressure equals 76-797, the intermittent 


94,969 


4 © if 
mean effective pressure equals 62-559 (See Page 33-4, 


The mean effective pressure then is -— 


SO065% FOES PAS Bw Ox CZ. A 4 
ie ee dee 


—_ 


OG/AH’Z MM}, fur Ca AM | 


The zero brake reading was found by the plus 


and minus method from a mean of five determinations, 

(See page 3\ ) As two adieehenk poises were used 

a second zero was determined in a similar manner, 
Throughout the test the gas meter readings 

were taken from the dial registering 2 subic feet 

per revolution, At the beginning of each test the 


time for one complete revolution was taken; at 
succeeding ten minute intervals the time the indica- 


tor passed mark X on dial was taken, 


In working up results the time between 


these successive passings of mark were found; the 


first of these was divided by the approximate time 
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of one revolution, giving the number of revolutions 


made in this interval, If this was not a whole 


number the fractional part was discarded and the 


time difference divided by the nearest whole number 
of revolutions, giving the true time for one revol- | 
ution of indicator. This value was then used as an 
approximate time for determining in a similar way 
the time of one revolution from the second time 
difference; as many values of the time for 2 cubic 
feet, or one revolution, ie tae found as there 


were intervals between the times of passing mark; 


the mean of these was taken as the time for 2 cubic 
feet for the test, It sometimes happened that the 
time intervals were irregular; in such. cases, in 


finding the mean value each value was given a 


weight proportional to the time interval, 
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| are given on page50,would seem to indicate that the 


Plosion of 79,307, Test Nog. 1 and 6 with percent~ 


CONCLUSIONS, 


A comparison of the test§ the summary of which 


percentage stroke at which the explosion takes place | 
is not the only cause that has effected the gas con~ | 
sumption of the engine. As previously stated the 
conditions of the test were kept as nearly uniform 

as ied, The throttle valve on the gas nae 
was in all cases adjusted to full opening; it was, 


however, found desirable to change this adjustment 


in ease the explosions were irregular or violent. 


The change amounted sometimes to as much as two points 


the valve 
on the throttle dise and kk was then gradually moved 


back to full opening, It is probable that the 
throttling of the gas, due to the movement of th 
valve had an appreciable effect upon the gas con- 


sumption, This is especially shown in test No, 5 


giving a gas consmmption per I.H.P. hour of 23,485 


cubic feet , the test having a percentage stroke at ex~| 


Py 


| 


|sumption per I. H. P/ hour of 27,863 and 26,847 cubic feet, 


This small gas consumption of test No. 5 does not 
agree with the results of Nos. 1 and 6; it is prob= 
able that in this test the admission valve was ius 
turbed very Or eo With the exceptions of Test 


No, 5 the low gas consumption of which can hardly 


be attributed to the point of explosion, test No. 4 


having a percentage stroke at explosion of 84,480 


gives the lowest consumption- 23.634 cubic feet per 
1.H,P aks The later sides of explosion therefore 
gives the best gas consumption. 

A comparison of. tests. Nos. 3 and 4, the earliest 


and latest percentage stroke at explosion of the 


series show a decided advantage in favor of the late 
point of btiniens 

Tests Nos. 1, 2 and 6 all having an early ex- 
Plosion show a considerable saa ie consumption 
than test No, 4 with late point of explosion, The 


gas consumptions, however, do not vary at the same rate| 


age explosion of point—76.715 and 77,585 give a gas cont 


' re , 


as the point of explosion que probably to other causes 
ane the point of explosions ere were not uniform 
throughout the cata The greatest gas consump- 
tion is not coincident with the earliest explosion, 


| : 
although very near to it. Test No. 3 having a per- 


| centage stroke of 70.687 has a gas consumption per 


T.HeP. hour of 26.314 while test No. 2 percentage 
stroke 74,130 has a gas consumption of 28,279 cubic 
\feet. 

It is pele iket that tines are not moreof 


the tests with late explosion. The test with early 


fee eSree xe lua: ng test No. 5, all give a higher 
gas consumption than the single test No.4 with late 
Shaken Basing our conclusions on this an early 
explosion has a bad effect on the gas Stiri Nen. 
\This is as would be expected, as in this case a 
portion of the energy of the explosion is simply 
wasted in stopping the piston, leaving less than the tol 


tal energy available for driving the piston on its 


working stroke, 


The indicator cards for early explosion show 


a rounded corner at the intersection of the compres= 
sion and atmospheric lines. These tests all give a 
high gas comsumpt ion. In the test giving the best 


gas consumption, the explosion line started with a 


sharp corner at this point. Any regulation tlere- 


fore causing a rounding of the indicator card at the 
intersection of the explosion and compression line 

is to be avoided, The test would indicate that the 
best gas consumption will be given by regulating 
explosion late enough in the stroke to give an expio- 
sion line on the indicator card stariting abruptly | 
from the compression Rene. The explosion in this 
case takes place at or near the beginning of the | 


working stroke of the piston. 
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